REPORT  DOCUMENTATION  PAGE 

Form  Approved 

OMB  No.  0704-01 88 

The  public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  naeded,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimato  or  any  other  aspect  of  this  collection  of  Information,  including 
suggestions  for  reducing  the  burden,  to  the  Department  of  Defense,  Executive  Service  Directorate  (0704*0188).  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law.  no 
person  shall  be  subject  to  any  penalty  for  failing  to  comply  with  a  collection  of  information  if  it  does  not  disploy  a  currently  valid  OMB  control  number. 

PLEASE  DO  NOT  RETURN  YOUR  FORM  TO  THE  ABOVE  ORGANIZATION. 

1.  REPORT  DATE  (DD-MM-YYYY)  2.  REPORT  TYPE 

03-08-201 1  Final  Report 

3.  DATES  COVERED  (From  -  To) 

1  March  2005  -  30  September  2008 

4.  TITLE  AND  SUBTITLE 

Propagation  and  Evolution  of  Coastal  Nonlinear  Internal  Waves 

5a.  CONTRACT  NUMBER 

5b.  GRANT  NUMBER 

N0001 4-05- 1-0282 

5c.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

Frank  S.  Henyey 

5d.  PROJECT  NUMBER 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Applied  Physics  Laboratory 

University  of  Washington 

1014  NK  40lh  Street 

Seattle,  W A  98105 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

Office  of  Naval  Research 
!  107  NE  45th  Street 

Suite  350 

Seattle,  W A  98105-4631 

10.  SPONSOR/MONITOR  S  ACRONYM(S) 

ONR 

11.  SPONSOR/MONITOR'S  REPORT 
NUMBER(S) 

1 2.  DISTRIBUTION/AVAI LABILITY  STATEMENT 

Approved  for  public  release;  distribution  is  unlimited 

13.  SUPPLEMENTARY  NOTES 

14.  ABSTRACT 

The  major  focus  of  the  work  is  an  experiment  using  a  towed  CTD  chain  as  part  of  the  SW06  experiment.  A  number  of  events  were  measured.  Most 
of  the  time  we  were  following  some  wave  packet,  repeatedly  measuring  it.  We  had  intended  to  follow  each  packet  for  a  long  distance,  but  packets 
were  frequently  merging  with  others,  and  the  resulting  merged  packet  had  more  energy  than  the  one  we  had  been  following,  preventing  us  from 
measuring  the  long-time  energetics  of  an  isolated  packet. 

One  packet  was  followed  from  before  it  had  any  waves.  We  Grossed  the  internal  tidal  bore  twice  with  no  waves,  the  third  crossing  showed  one 
wave,  and  successive  passes  showed  additional  numbers  of  waves.  T  hese  data  are  shown  in  the  figure,  which  shows  the  ship  track,  two  dimensions 
of  the  formation  of  the  waves  out  of  the  initial  bore,  and  the  propagation  of  the  wave  train  toward  shore. 


15.  SUBJECT  TERMS 

Internal  Waves 


[  16.  SECURITY  CLASSIFICATION  OF: 

17.  LIMITATION  OF 
ABSTRACT 

18.  NUMBER 

19a.  NAME  OF  RESPONSIBLE  PERSON 

a.  REPORT 

b.  ABSTRACT 

c.  THIS  PAGE 

OF 

PAGES 

Frank  S.  Henyey 

U 

u 

U 

uu 

19b.  TELEPHONE  NUMBER  (Include  area  code) 

(206) 543-4856 

Standard  Form  298  (Rev.  8/98) 
Prescribed  by  ANSI  Std.  Z39.1C 


Adobe  Professional  7.0 


Coastal  Internal  Waves 


P.I.:  Frank  S.  Henyey 
Applied  Physics  Laboratory 
University  of  Washington 
1013  NE  40th  Street 
Seattle,  Washington,  98105 
frank  @  apl.washington.edu 
(206)  543-4856 

The  major  focus  of  the  work  is  an  experiment  using  a  towed  CTD  chain  as  part  of  the  SW06 
experiment.  A  number  of  events  were  measured.  Most  of  the  time  we  were  following  some 
wave  packet,  repeatedly  measuring  it.  We  had  intended  to  follow  each  packet  for  a  long 
distance,  but  packets  were  frequently  merging  with  others,  and  the  resulting  merged  packet  had 
more  energy  than  the  one  we  had  been  following,  preventing  us  from  measuring  the  long-time 
energetics  of  an  isolated  packet. 

One  packet  was  followed  from  before  it  had  any  waves.  We  crossed  the  internal  tidal  bore  twice 
with  no  waves,  the  third  crossing  showed  one  wave,  and  successive  passes  showed  additional 
numbers  of  waves.  These  data  are  shown  in  the  figure,  which  shows  the  ship  track,  two 
dimensions  of  the  formation  of  the  waves  out  of  the  initial  bore,  and  the  propagation  of  the  wave 
train  toward  shore. 


On  another  occasion,  we  measured  the  merging  of  two  wave  packets.  We  first  passed  right 
through  the  join  point  of  the  leading  waves,  as  nearly  as  I  could  determine,  and  then  examined 
both  sides  of  the  join  —  before  the  waves  merged,  and  through  the  merged  wave  side,  after  which 
we  continued  to  follow  the  merged  packet.  A  merged  wave  packet  has  less  entropy  than  the  two 
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packets  that  produced  it,  so  I  expect  a  significant  dissipation  event  during  the  join.  The  merged 
wave  should  have  less  energy  than  the  sum  of  the  energies  of  the  two  incoming  packets. 

We  found  examples  of  the  leading  wave  separating  itself  from  the  rest  of  the  packet.  When  that 
happens,  it  is  likely  that  the  Dubreil-Jacotin-Long  (DJL)  equation  will  model  the  wave 
accurately.  The  DJL  equation  works  moderately  well  for  the  first  wave  even  when  it  has  not 
detached.  The  speed  of  the  wave  train  observed  by  multiple  crossings  was  always  consistent 
with  the  DJL  value  for  the  solution  with  the  observed  amplitude  and  stratification.  (An 
alternative  attempt  failed,  which  was  to  estimate  the  speed  based  on  the  assumption  that  wave 
trains  formed  a  tidal  period  apart  retained  that  separation.  Either  the  amplitude  or  the 
stratification  for  the  following  wave  differs  significantly  from  that  of  the  first  wave. ) 

On  two  occasions,  the  towed  CTD  supported  the  ocean  acoustics  part  of  SW06.  These  two  tow 
events  totaled  8  hours.  One  paper  using  these  data  has  been  published,  and  another  is  in 
preparation. 

The  towed  CTD  chain  did  not  work  well.  The  pressure  data  was  the  poorest.  After  a  number  of 
attempts,  an  algorithm  was  developed  to  correct  the  pressure,  and  determine  the  depth  of  all  the 
CTD  units.  The  resulting  corrected  depth  is  consistent  except  during  ship  turns,  and  all  the  data 
has  been  corrected  to  give  more  correct  depths. 


